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r$£«] mmm 

[IIM2] fufB^I/itW 6 0J«±2 0 0 &T©MT*&6 3 

©e> t,©^?*^ 1 «icffi«©aaif^# \y-vm*nmmm. 

°c^± 7 2 0 Tc«Ttf ** ^ t mmttzmm 1 * & 4 © ? *>©v^*u* 1 

T ^ § ;* if MM©±MfC p Mi^n y * Jf&tf n iffi^a y £ jg 
•^f^?iCfcn^T, 

»M(|Tn#, 0. 15/*m<Tn<0. 6Amt^^Mi: 
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[ff^7] i«MTn^ 0. 2 5 /*m<Tn<0. 3 5# 
[0 0 0 1] 

[^©Mt3;M#3?] 

[0 0 0 2] 

[ft*©&ffi] 

[0 0 0 3] 

lit, W8- 2 8 8 5 8 9^5:#Iloo, IH5£abT, nl^ft 

o 

M*^-§2^^#l/--tf^2 0ti, 0 5JC^1-J:e>{C, nSGaAslSU 
(C £»&JHJiCffljfc:Ki& (MOCVDS) £ffiv^ffi7£xtf #*>>^;w£;R;!$it 
nSlnGaPTffi(^5*yKl2, 8113, MpSI nGaP±I^7 
y K«4tf)M«iiS:fii;iTV^,, 

InGaAs PI5, GaAs|6,. I nGaAs|7,GaA 
s!8, fttf I nGa As Pl9©5lil"!?fe6 0 
[0 0 0 4] 

±fltf*7yK»4, ?SttjS3, WTi^7 7 KJS2©±9Jtt. *iMS3gll 
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ittlSigl l©»_hffil 3tt, TO, JfclKSftfc, pSlnGaPl^D-^ 
|14, &t>*nl?I nGa PSig^n y 1 5T?«ftii*tlTV>S. 

©±fl9*7»y KJf4±JCtt, H 2 ©p MI nGa P±0tf#9*7 KM 1 6, p 

ttc, pg3>^ hJgl 7±JCtip(B!l«Sffl^liMl 8#, IlKDlffiC 
iinlliMMSl 9£\ ^tl^tl, MSftT^S. 
[0 0 0 5] 

lPJ?t-£= 0 6 (a) (c) li, ^tl^Tu «©|gjt7j^fC^oTM4^ 

§K^^U-if^2 0 Srf^5S'rsiS©XS#©WiiBBf7f»S. 

SfcT, 0 6 (a) fC^tieXC niGaAsiSUC, ^H^M^ffl^ 
& (MOCVDS) fcffiV^, nflnGa PTI^7^ KM 2, ?gffijg 3 , A 
tfpiInGaP±fl|ir5yKl4S, TO, IIlt#IIII5Mt5. 
^ ?SffiM3fflMt'it I n G a A s Pjf5, G a A s Jf 6, I n G a A s Jg 
7, GaAsJf8, fctf I n G a A s P Jg 9 © 5 Jgfllig 

&}C, VDi&&JBV*T±fllI*5'y K«4 ±iC 5/ U 3 >lMtJR# & ft* Xy 
*V 9^7.9 l 0 
[0 0 0 6] 

> ?SttJg3, fttfTflJ^^y KS2CD±g(55:x^^>^^-ex^5 : ->'yLT, 
06 (b) KjjktkoK. xy^^v** 1 0©TffilCT>^-#>y hStifc 

#cv>t?, 06 (c) jc^-t<ke>fc, * 1 1 ©flu® 1 2 &tf«s»±® 1 3 

±JC*)fcoT, MOCVDS&MV^pilnGaPt^nvi'iH, &t>* 
nllnGa Pf^n^^Il 5 &TOJE&MLT* iffllit 1 1 
[0 0 0 7] 

#CiC, 7>vS!?:ffl^Ti>yf >^X^7 1 0 &S;ilfct, 0 5 fc^f <fc 5 ic 
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&v*T, pSn>#*hJil 7±icpfl«KM&MJSi 8 Ml©K®(c 

[0 0 0 8] 

TpM«^^n7^iil 4&t> , nMm^^D^^jfl 5 £jB3Rj&gS-&&B& $ 
&U- hoav^lCj@HLT<t3l»Xt±?S©^^R54 Otf, 0 7 fc^t ± c> fc 
, 1 0©flf»TlC|&t3Tii3[S^Dy^Ml 5£3&£t5. 

[0 0 0 9] 

T, SS£S:7 5 0TC~8 0 0°C©|§B£L, vmmUZUlU 

©M£it (ISSit) 0 0JK± 8 0 OJKTC.ftHffilEJBtt S. d^SUSe LTV^ 

«18, 1 9|BlK:«jEE&BJiIILfc«£, «»^ny^Ml 4, 
[0 0 10] 

{Vol. 67, No. 8(1993) 88} fct, 

n ? 9 m t omnmiftmffiK a s u - »^o®r u r n s . 
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0 

0 8*, 2 1ttnIInP^5s»KJI, 2 2 tepM I n PM^^U y *Jg, 2 
3ttnlInPli^D>^I, 2 4 p M I n P 3 y * V V M> 2 5 it p M I 
nP^5yKI, &tf 2 6 tt I n G a A s PJSffiJfT?**. 3 4SnlI 

[0011] 

H8©tt»AfflJT?tt> ^'J7tfInGaAs PfSffil2 6 iC?±A$ tlT 
»SC*^S«ffi#Sfeft, InGaAsPffittl2 6«T1t pS 

I n Pt^D-^12 2/n|In PWn>y^l2 3 CO p n 

^ttjf2 6 t«»^'Oy^JS2 2/2 3 S&IStfci&o 

[0 0 12] 

3^T% M^fMSif&iflM^tt, I nG a A s P^ttJf2 6ig$©*-y-$£igtf)#f 
®»C^34xfepMl nP«86^ny^M2 2©j?3 (I8M10 (a) # 
fig) T'&oT, J^T, iftSl^lTniilHt. lEfftfCtt, 010 (a) iC^t 
t£?iz, Tnii, Sftl h p - 7 >y KI i: 0#S©S®^ n - tH^n >y 

[0 0 13] 

(a) {C^-T-fc^C pM*^7ny ?Mtf^<M£M*T±#£-e#tf, LA* 
[0 0 14] 
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#20'01-3 6 0 9 4 0 

09*, 2 7lipHnPjr5 9 Kl, 2 8 ttpgl n Pflfcfl, 29{inS 
InP»D^|, 3 01ipIInPl^D^i, 31BnSlnP3 
>**h«, 82ttnSlnPmK|, M3 3(il nGaAs Pffiftft 
3 5{ip§Jl nP««ft^ary^Jf 3 0 fC|8£Lfc < 

Pfil nPM©fi«:apsj:ij|{ r 2#B^S^ffl-e % nllnPf^Mt 

nPiSifflMMg^^b-fi^tli, HUKw+J^lC, pSln 
[0 0 15] 

**n?%, ffi3 3i:mSe^ny^®2 8/2 9©«M^T«, 

nllnPi^i:^}:, iitSIIl^^Hfif, 
*»J> ft8f«S6Ctt/.h3<fcS. lUli^Wit InGaAsPffi33 

lit V*&*.§fc, ^*«ii©tIffihnMl nP»D^!2 9 £©j?gIgT*& 

^titniiiiTp (@9, igio (b) tmt. 

[0 0 16] 

(b) fC*tJ:e>fC, «l*©pa^ltM«5^-9-«3SK:i&oTffittMo±^*T? 
, HlCtt, ^3jg©pM«^^n>y^^^iJi©pM^lf®i:^i!L, H2jg 
[0 0 17] 
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in mmfwxam&it imsnt) hook±8 o o&t©«sht*«lt% 

(ST njt>««e>o< ItWofe. 
[0 0 18] 

nPiS^n-y^l2 9^lMt, EI 1 1 IZB? <fc ? nSlnP3> 

[0019] 
[0 0 2 0] 

#x©^«/in i^nii^f^(Z)^;i/i[, jkt, has) iauiiswt 

[0 0 2 1] 
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ViS»W^ffl^Mt$?:IiT, ftit»iTnfflffl:5:#4!)fei:r 
•3, SI 2 KaVtJ: 3 J&^M^te, 610°C, 6 4 0°C, 660 

°C, 6 7 0°C, Ml o o°c-e&&o 

;i/£fc^# 6 0 frf, 3 5 0 <7)fSHT*F?3lttJ: <^S&«SKSK(6T n &ffl«r-rs £ t 
[0 0 2 2] 

l 2 ««±{CML^-^C7)M^ MxJilll 

[0 0 2 3] 
[0 0 2 4] 

014'tt, Utitftfl CDiKf^SrH 1 2 fcl±J8lJ©^T?0^Lfcfc<0T?&o"C, Tn 
£A^;*-*i:UT, (°C) till »7C3gJKW^^K:*f"t5V^7C^M 
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[0 0 2 5] 

^iRSS§:6 1 0°C~7 0 0°CT*mtmtZZ.£\Zj:i), fmnffi&ftmT 
[0 0 2 6] 

p max ttt, mmmmtytm^t(Dm%x% yt&jjtfmm-fzt 

[0 0 2 7] 

#±©ioft*i*j&^ m%jmwtmmmTrii l $o. ls^m*®*., ^o. 6 

0m*}ft©ftHlC&5CIfc#&gT?&5„ 0 3 KaVt «fc 5 fC, <fcy»*L<J4, 
TnliO. 4 0 /im^Ttfe'J. SlClfiKlt TnttO. 

2 5#mJ^_hO. 3 5MmgT7?l)l» 0 

* © «b ic a, n m¥mftM®i± iz m&m^mft u - -tf & «5t *r s is a, 

=E)b&mt> 01 2^f>^fiI^iAtf6 7 0°C(Dtg, 6 0 JK± 3 5 0 J£*T 
[0 0 2 8] 
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tuiB p mmm^u ytm* ^K-r s 1 1 1 ^itra#* tc*f -r * 

MM^CD^l/ifcW, 6 0«±3 5 0J«T©MT'&5 3££#$^LTV^ 

o 

[0 0 2 9] 

ttttjs<j&*;, ^«r«*easB&ii6Tn*<«e)-o<3&^5>^aE»s. r©=E^jt* 

#3 5 0 «fe y *£V^, *SS&«S6S»<6Tn«0. 5 #m&jg*.T:*£<&y» 
[0 0 3 0] 

#$|fTO&T% #£L<te, pg«^:7ny*M©^;WtapW:6 0jgU:2 o o 
J^TT*fe3„ *:Jltt* 6 0£*_h2 0 0 J^TSCfgSlT 3 ^ £ &C <fc *J, *g$ra8fr|gf& 
(STn&O. _ 2JS/LL0. 4 n mJ&lTtcMlt, &SfrSS& 3 it S £ i: 

3gtC#£L<&, 0. 2J^±0. 3 ^mgTffli^iWfSTnffltM^ 

_hl 0 OJ^TT-fe^o 
[0 0 3 1] 
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[0 0 3 2] 

pSJ*SS^ny^M©^iRjclSU ^MStt6 3 o°c«±7 2 orarAW 

[0 0 3 3] 

©m*4f'ffi^m^T% «^SJE#ffi©«1£#fa±L£, U*»*>lSrffi^7"Xf P aax 
[0 0 3 4] 

& b Si* if II©WtfS«S t £££ b T v^ 5 ^ if«^3ggPtf> ±® IC p 

»«^M&f>iT n#\ 0. 15#m<Tn<0. 6 /tmt'fe^IilMi: 
[0 0 3 5] 

u - if & mm l x ^ § . 

[0 0 3 6] 
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[0 0 3 7] 

fcCfcoT, 015 (b) Ca%tJ:^(C, ff* 

gfio (b) fc^t, ^iJ>§IMW|Tp-e$§„ 

[0 0 3 8] 

* i/fe^, *«^©M&tm« * *«e l t v . § * 

I'-TOHF-fcfflK©**.-^ *»«ftM«Tpft 0. 15Am<Tp<0. 
[0 0 3 9] 
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^iiiffl-WTfiot, 01 (a) (c) , M2it #n 

K«)B«©^lcaoTiaS^ftU-^?l:»IUfeB©Xi«©Wriiia 

5fc"f, HI (a) iC^-ri^jC, niInPSl5 1©±[C, MOCVD&fC 
«fcoT8E&©x£***/*;i,]fog&#-e % nilnP T3 it^+j FJS 5 2 % T3P 
GRIN-SCHM53, ^#^S*^ #J5«ji<Z>iSttJi 5 4 , ±g[SG R I N - 
SCH«5 5, ao'plInP±i?7-yKl5 6^, /SSSft, 

[0 0 4 0 ] 

?£^T% mi (b) \ZB-t&oiZ y pi I n P±»^ 5 y KI 5 6±|CJ/ 'J a 

7 0 ZBfcL, m^Xx-v? 7 0 
^ot, #M«lMK© 1 5%±aJi'9^ K®5 6, ±3PGR I N- S CHjf 5 5 
, T^PGR I N-SCHjf5 3, AtfTffif^V KM 5 2©±$5£ 

[0 0 4 1 ] 

?&fC, HI (c). lC^f<fc-5C, *-*f-*:it5 8 COM® 5 8 aRT$m3±m 5 8 
bltttot, MOCVDi^&M^t, III »7tt3RMW^f^K:*f1- 

zvMfbmmnjsxo^ftftmz 6 oj^±3 5 oj^t^hht*, f^umfflp 

MI n Pnm-7U*J9M5 9 &J«KL, JglCpMl n P*ift:7n 5 9 

T, ^i^«5t5 8 £ili?)&fr 0 
[0 0 4 2] 

pSlnPi^Dy^l59ffliim III ^Mf4^^i:bT, flljltfh 
U^^-OS^A (TMIn) , VH^tlt, Iil^^7^> (P 
H 3 ) , K-tf yfjSTsh bX, M^li^'xfMlfi (DEZn) 
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nIInPf^yD'^l60©MT'tt III ^^V^M^tf* 

£LT. AH*. lip 3! I n pm«S^Dy^®5 9 fcHtJj80ft;*f*S:Mv\ F-tf> 
¥3!7>t. LT, #HA««Sft*iR (H 2 S) fcE^S. 
[0 0 4 3] 

#C^T*, |2iC^fJ:^:, ^-9-*J§5 8±&tf«SK^"P*y^M5 9, 6 0± 
tC, **l-f*U MOCVDSiaot, pgl n P±»#9<y KM 6 l^pl 
GaInAsP^rYy^|62 Sr^tSo 

#C^T, p3!Ga I nA s PM*^y:/M6 2±CpflJ*ffi 6 3 &7gJ*U n 
MI nPl|5 l©«ffi£§Bgt,T£ft©J|£#£0. 1 /tc mg&HLfctfc, 
WOTlCn{iSffi6 4 &}g«tS. 
[0 0.4 4] 

±M©«M1M1 ©#t£{C$V\ pSln P««^B*^I5 9j&g©fig© 
III /V=EM#8 0, WnSl nPSSfc:/ny*tf6 0^t«©|S©III /V 
<EW15 8T«, ^ofSSSS^e 5 0°CT% pSl nPi^D'^15 9 
WnSlnPiS^n-^|6 0OTUT, ^ *«3g 5 8 3S£ 
, ±«S#9y KM 6 1X^^*;^I6 2 fefSBgU SS&T&SUfc. #C^T?, 
£#&£li&LT, ^1 3 0 0 nm^*;^U -#©H ITOfCffiS 
ftfKfc, te#©3*ligffilCl5£W]R&#I*l,T, ?g«JI^# 1 . 4 5-1. 5 

m-e&ofc. (p max ) AzfLz^mmm d th ) srsmtLfc 

t35, 03©£JIWl©J&Rtm4 0 (1) ftlftl, JKJ.3 

5 0mW, 2fctf$3 5mAT?&ofc. IITf, S^^m^J (P max ) fctt* » 
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mi] 





iifr «* 3ttt 


P y 




KlTn 

(.um) 


TO 


mmmi 


n 


8 0 


15 8 


0. 1 9 


6 5 0 


mmm 2 


n 


8 0 


1 5 8 


0. 2 1 


6 5 0 


mmm 3 


n 


3 1 6 


1 5 8 


0. 4 1 


6 5 0 


mmm 4 


n 


3 1 6 


1 5 8 


0.4 5 


6 5 0 


mmm 5 


n 


3 1 6 


1 5 8 


0.4 5 


6 5 0 


mmm 6 


n 


1 5 8 


1 5 8 


0. 3 0 


6 5 0 


mm i 


n 


2 0 


1 5 8 


0. 1 0 


6 5 0 


mm 2 


n 


1 5 8 


1 5 8 


0.6 5 


6 1 0 



[0 0 4 5] 

MMMitmvmT% mwmmn. 45~i. so^mcfifti/- 

£ffiM2ffl£&a3M¥ftl/-- tf^fflft^^ffiij (p max ) 
(I th ) £$f£L££3 3, **ieft, H3©&femM&tfB4© ( 
2) StJUflSfill fcRfUTfftofco 

«fc »j, i^ssttt'MffliaimiT n u ^ 

[0 0 4 6] 
HJfeM 3 g, 6 
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Gnm&m^mfai'-vm^zfcmLfztzz. ^sMssiTnit muz 

ttc mmmsti^6 0m^m^m^i'~^m^(Dm^ytmti (p max ) &t>* 
vz^mw (i th ) &iguti:35, -eti^ti, 0 3AtfH4tc^i-iiye 
^, 04^, o) (6) -eneru mmMsfrbGvwfe 

[0 0 4 7] 

x. ftmtii&ftmwi. 4 5~i. 5 o / imo)t£MiMijktf2(Dm&m¥mfoi' 

± (p max ) RtfLi*^mmm d th ) zwfe?&z\£tfftm&fr^t^ 

i th ) **i-erw H3© (jt««2) *M4® utmm 

2) j^tc^i-itytfeofe. 

[0 0 4 8] 

III 1 ~ 6 <DM&m*mft U-if ffr?tt, ft&ttfflM&flgT n 0 . 1 9 

3&t>*Ei4fc^^j:e)(c, s^m* ( p max ) l£vmb*«8 u th 

-ifiHM*, l«HSTn^0. 2 # mafi#©Hifefl| 1 &t>* 2 , tfttfKM 
MWiTn^O. 4 5 /umjE^mfeffiUfre, 5 JCjt^T, ( 
P max ) #3 6 0mWi:|*^t<, b^^M^ ( I th ) »3 4 mAhiti 
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TnliO.- 2 5 0m<Tn<O. 3 5 n m©<6H#St>#* LV*. 
[0 0 4 9] 

tffg^ & f^u-f 5 - t # -e £ § o 
[0 0 5 0] 

;Ui£W#?gf!l?#S;T*#£ L fete «fc »J /J> 3 V^fcfttC, M^«^MifiT n 0 . 
1 5 /tmfc/JxSifi^T, 3fcffl;frtf*J£Lfe. Jfc8^2©«&^¥##l'- 

*£^fe#)}c, &3&*itog|&ffiT n#o. 6 0/t m^<, 
*»*£<&5fe#)tC, (P max ) ^3 2 0 mWKTtfe l J, L£ 

V^MS^ (I th ) \tm± 8mAiCtlt§o 
[0 0 5 1 ] 

So 

[!M0ffi#&M] 
[013 

01 (a) fr£> (c) li, H^Ml ©^^(C^oTiIiiM^# 
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[02] 

mi (c) izm^x, mMMMMivijmz'&^zm&m^mfai'-vm?* 

[03] 
[04] 

%mm i ~ emmm i ~ 2 ©t n 1 1 tll i:(oi#^t^7T^§„ 

[0 5] 
[06] 

0 6 (a) ~ (c) 

[07] 

[08] 
[09] 
[01 0] 

010 (a) m (b) naa«±&tfpfiat*±K:»rtLfc 
[01 1] 

[012] 
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tlx* 'mw™m**m (v***©*^* 

[HI 3] 
[014] 

£«flfl©*|fc£Bl 2£M©^T*|I[*Ufc%©T*&oT, 
*fcLT,. 0C) till ^»M^Xfc^tSV^*M^X©^ 

[015] 

sis (a) ttmrnim^mmmmmmmmmm, mm 

15 (b) &pmm±izmi&b£m&®mft];-m?amL^mmm 
wmmwmxmx&z, 

1 nSGaAsil 

2 nilnG aPTf?7»; KM 

3 mm 

4 plInGaP±j«^5*;lf| 

5 InGaAsPf 

6 GaAs| 

7 InGaAsg 

8 G a A s | 

9 InGaAsPjf 

10 x.yf-y>f<?X9 

1 1 *vmm. 

12 

13 *-y-mm<Dmm<D±m 

14 pll^n^i 

1 5 nitl^n^f 
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16 pK*5 5/KJg 

17 vmny#>7h}§ 
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